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ABSTRACT

Aim: Blood rheology, which is affected by many factors, is also known to be
affected by drugs used for anesthesia. Therefore, we aimed to investigate the
effects of 21-day ketamine administration on erythrocyte deformability in 3-
week-old infant rats

Methods: Twelve 12 week old Wistar Albino male infant rats were randomly
divided into two groups. Ketamine group (K), n:6, 50 mg/kg ketamine was
administered intraperitoneally at the same time daily for 21 days. Saline group
(S), n.6, 50 mg/kg normal saline was administered intraperitoneally at the same
time daily for 21 days. After 21 days of administration, all rats were euthanized
by intraperitoneal ketamine (100 mg/kg) and taken blood from abdominal aorta.
Erythrocytes were obtained from heparinized blood samples. Deformability
measurements were performed on erythrocyte suspensions in phosphate
buffered saline. For the measurement of erythrocyte deformability, a constant
flow filtrometer system was used and the relative resistance was calculated.
Results: Ketamine administration was found to increase relative resistance. The
erythrocyte deformability index was significantly higher in the ketamine group
compared to the saline group (p:0.006).

Conclusion: We found that long-term repeated ketamine administration
negatively affected erythrocyte deformability. In our study, we think that the
results obtained in daily anesthesia will be a guide for repeated administration
of ketamine, especially in radiation oncology. However, these findings should be
supported by clinical and experimental studies in more detailed and large series.
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OZET

Amag: Birgok faktérden etkilenen kan reolojisini anestezi igin kullanilan ilaglarin
da etkiledigi bilinmektedir. Bu sebeple 3 haftalik infant ratlarda 21 glnlik
ketamin uygulamasinin eritrosit deformabilitesi Uzerine etkilerini arastirmayi
amagladik.

Yéntem: 3 haftalik 12 Wistar Albino erkek infant ratlar, randomize olarak 2 gruba
ayrildi. Ketamin grubu (K), n=6, 21 gin boyunca hergliin ayni saatte
intraperitoneal yoldan 50 mg/kg ketamin uygulandi. Salin grubu (S), n=6, 21 giin
boyunca her giin ayni saatte intraperitoneal olarak ayni hacimde normal salin
uygulandi. 21 gunlik uygulamanin sonrasinda tim ratlara intraperitoneal
ketamin 100 mg/kg uygulanarak abdominal aortadan kan alinarak Otenazi
uygulandi. Eritrositler heparinize tam kan o6rneklerinden elde edildi.
Deformabilite olgtimleri fosfatla tamponlanmis serum fizyolojik igerisindeki
eritrosit stspansiyonlarinda yapildi. Eritrosit deformabilitesi 6lciimi igin sabit
akimli filtrometre sistemi kullanildi ve rélatif resiztans hesaplandi.

Bulgular: Ketamin uygulamasinin rélatif rezistansi arttirdigi bulundu. Ketamin
uygulanan grupta salin uygulanan gruba gore eritrosit deformabilite indeksi
anlamli olarak ytiiksek tespit edildi (p=0.006).

Sonug: Literatiirde ketaminin infant rat beyin dokusuna etkileri ile ilgili galismalar
olmasina karsin, infant eritrosit deformabilitesi Uzerine etkileri ile ilgili
¢alismalara rastlamadik. Uzun sireli tekrarlayan ketamin uygulamasinin eritrosit
deformabilitesini olumsuz etkiledigini tespit ettik. Calismamizda ulastigimiz
sonuglar, ginlik anestezi pratiginde Ozellikle radyasyon onkolojisinde olmak
Uzere mukerrer uygulanan ketaminle ilgili yol gosterici olacagini dusiinmekteyiz.
Ancak bu bulgularin daha detayli ve genis serilerde yapilacak klinik ve deneysel
¢alismalarla desteklenmesi gerekmektedir.
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INTRODUCTION

Drugs used during anesthesia may affect not only systemic cardiovascular
functions, but also microvascular fluidity with a direct effect on microcirculation
and especially hemorrhology. At the same time, hemorrhagic changes can
significantly affect the induction and recovery times with anesthetic agents (1).

In anesthesia practice, sedation with ketamine is widely used especially in
children. It is the most preferred agent for sedation in children who receive daily
radiotherapy for a period of time. Ketamine is an anesthetic in the phencyclidine
group and was first used in 1965. It differs from most other induction agents due
to its significant analgesic effect. It generally does not depress the cardiovascular
and respiratory system. It consists of two stereoisomers: S - (+) and R - (-). The S
(+) isomer is more potent and has fewer side effects. Interest in ketamine has
recently increased as a result of its effects on hyperalgesia and opioid tolerance.
at subanaesthetic doses, it is a relatively selective and potent antagonist of the
N-methyl-D-aspartate (NMDA) receptor belongs to the class of uncompetitive
antagonists and, when clear, NMDA binds to a specific site within the receptor
channel and blocks the receptor. Like other compounds of this class, ketamine
can cause hallucinations or other undesirable central effects that limit its clinical
use (2).

In recent animal studies, repeated doses of long-term ketamine have been
shown to accelerate neuronal apoptosis in the developing rat brain, causing
hippocampal neurodegeneration and long-term cognitive impairment (3-5). It is
known that general anesthetic agents are also effective on cardiovascular
function and microcirculation hemodynamics (1). It is controversial that
anesthetic agents alter blood rheology and consequently lead to worsening of
tissue perfusion (6). Blood rheology includes hematocrit, plasma viscosity,
erythrocyte aggregation and erythrocyte deformability, which have a role in
determining the viscosity of blood (7). Previous animal studies have shown that
intravenous and inhalation anesthetics affect erythrocyte deformability in young
and old rats (8,9). In this study, we aimed to observe the effects of 21 days
ketamine administration on erythrocyte deformability in 3-week-old infant rats.

MATERIALS and METHODS

The study was approved by the Ethics Committee of Gazi University Faculty of
Medicine (G.U.E.T-19.001). Twelve Wistar Albino male infant rats were randomly
divided into two groups. Ketamine group (K), (n:6), Saline group (S), (n:6). 21
days. The ketamine group received 50 mg/kg ketamine intraperitoneally every
day at the same time and the saline group received normal saline 50 mg/kg
intraperitoneally at the same time daily. After 21 days, all rats were euthanized
by 100 mg/kg intraperitoneal ketamine for taking the blood from abdominal
aorta. Heparinized total blood samples were collected to prepare the erythrocyte
suspension. The collected erythrocyte suspensions were used for deformability
measurement.

Deformability Measurements

First the samples were centrifuged for ten minutes at 1000 rpm and then
serum and the buffy coat on erythrocytes were removed. Then, isotonic PBS
buffer was added to the collapsing erythrocytes. This mixture of PBS and
erythrocytes was centrifuged for another ten minutes at the same speed of 1000
rpm. Subsequently, liquid was removed from the upper surface. Finally pure red
cell packs were obtained from three consequent washing process. PBS buffer was
mixed with erythrocyte packs in order to obtain a value. And those mixed
suspensions with 5% hematocrit were used for deformability measurement.
These procedures were done at 22 2C.

Deformability parameters were analyzed with the constant-current filtrometer
system. Samples of 10 ml erythrocytes suspension - PBS buffer were prepared
for measurement. There was a constant flow rate of 1.5 ml/min through an
infusion pump. We used a 28 mm nucleoporin polycarbonate filter which has a
pore diameter of 5 um. A transducer detected the pressure changes during the
erythrocytes passage through the filter and the collected data was transferred to
computer with MP 30 data equation system (Biopac Systems Inc, Commat, USA).
The pressure of the system was calibrated before each measurement. Buffer (Pr)
and then erythrocytes (Pe) were passed subsequently through from the filtration
system and pressure changes were measured. The relative refractory period
value (Rrel) was calculated by relating the pressure value of erythrocyte
suspension to pressure value of buffer. Increase in Rrel as the deformability index
was interpreted as adverse effect on erythrocyte deformability.

Statistical Analysis

SPSS 22.0 software program was used for statistical analyses. The findings
were expressed as mean # standard deviation. Deformability value was
evaluated with the Mann-Whitney U test. A p< 0.05 was considered statistically
significant.

RESULTS
Ketamine was found to increase relative resistance. The erythrocyte

deformability index was found to be significantly higher in the ketamine group
compared to the saline group (p=0.006), (Figure 1).
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Figure 1: Erythrocyte deformability index values of the groups. Each column
represents the Mean * Standard Deviation * p <0.05; Compared to Saline group

DISCUSSION

Blood exhibits a viscoelastic behavior due to the properties of suspended
particles in its content. The most important factor determining the viscosity of
the blood in the normal state is erythrocytes. Erythrocytes can be deformed to
pass through small vessels. In order for oxygen and vital molecules to be
transported to the capillaries and to the final organ, and to remove metabolic
waste from this area, erythrocytes must be able to curl, extend and move in
these areas. This property is referred to as deformability. Erythrocyte
deformability is necessary for normal circulation because erythrocytes should be
able to deform when passing through narrow capillaries or when the viscosity of
the blood decreases (10).

Erythrocytes as an oxygen carrier; it must continue to fulfill this essential task
while being exposed to a wide variety of environments throughout the vascular
cycle and various xenobiotics throughout its lifespan. During this time, haeme
iron, globin chain and other necessary cellular molecules should prevent
continuous oxidant stress (11). Hemolysis, which accelerates the life cycle, occurs
following severe and irreversible oxidative damage of aging erythrocytes. One of
the most important results of circulating oxidative damage in metabolism due to
various reasons is the deterioration of the deformability properties of
erythrocytes, which have a very important role in regulation of blood flow and
tissue perfusion (10). The deterioration of the rheological parameters of the
blood causes the tissue perfusion to weaken.

Anesthesia, surgery duration and surgical intervention itself may affect cell
functions and cause free radical formation in metabolism. Free radicals may
contribute to posttraumatic and postoperative disorders by targeting the
biomolecules of cells such as lipids, carbohydrates, proteins and DNA. Oxidative
damages occur when the balance and antioxidant defense system in free radical
production is disrupted (12). Lipid peroxidation products caused by oxidative
stress damage the membrane permeability and micro viscosity. Thus, a decrease
in deformation capacity and survival time of erythrocytes is observed (13).

Ketamine is often associated with variable mitochondrial function and
oxidative stress. In the literature, it has been reported that free radicals increase
with the use of certain doses of ketamine and that ganglia are exposed to
oxidative damage in basal ganglia containing more catecholamine (14-16). De
oliveira et al. In an experimental animal model performed by sub anesthetic
doses of ketamine to induce a schizophrenia-like condition in the rat brain, it was
shown that lipid peroxidation and tissue protein oxidation increased in multiple
cerebral structures (17).

Drugs used during anesthesia may affect not only systemic cardiovascular
functions, but also microvascular fluidity with a direct effect on microcirculation
and especially hemorrhology. Arslan et al.
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In this study, the effect of propofol on erythrocyte deformability in male and
female rats was investigated. Increased relative resistance, which is a negative
indicator of erythrocyte deformability. Therefore, it was concluded that propofol
adversely affects erythrocyte deformability (8). Yerer et al. in this study, the
effect of desflurane on erythrocyte deformability in old and young rats was
investigated. It has been observed that both old and young rats adversely affect
deformability (18). Aydogan et al. concluded that sevoflurane reduced
erythrocyte deformability in elderly rats and thus negatively affected sevoflurane
(19). Gul et al. in their clinical study to observe the effects of sevoflurane and
desflurane on plasma and blood viscosity, they stated that sevoflurane had a
negative effect on blood viscosity, and that desflurane had a stable effect on the
macro circulation in the blood, so that desflurane could be a more preferred
anesthetic (9).

In our study, erythrocyte deformability index was found to be high in the
ketamine group when compared with the control group. The increase in
erythrocyte deformability index is an indicator of the decrease in erythrocyte
deformability. This may result in a functional impairment in blood flow and tissue
perfusion.

There are too many studies in the literature about the effects of ketamine
on infant rat brain tissue, but there is no study about the effects of infant
erythrocyte deformability. We found that long-term repeated ketamine
administration negatively affected erythrocyte deformability. In our study, we
think that the results obtained in daily anesthesia will be a guide for repeated
administration of ketamine, especially in radiation oncology. However, these
findings should be supported by clinical and experimental studies in more
detailed and large series.
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